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WE CLAIM: 

1. An execution unit that maintains substantially peak dm throughput 
in the unified execution of multiple media data streams, the execyuon unit having 
a data path, comprising: 

a multi-precision arithmetic unit coupled to the data path, the multi- 
precision arithmetic unit capable of dynamic partitioning based on the elemental 
width of data received from the data path; 

a switch coupled to the data path and programmable to manipulate 
data received from the data path, the >switch providing data streams to the data 
path; and 

an extended^ mathematteaftelemeiu coupled to the data path and 
programmable to implement additionalWthematical operations at substantially 
peak data throughput. 



15 2. The execution unit defujGS^n claim 1, wherein the multi-precision 

execution unit is configurable to divide thdyd^tainto component symbols of various 
sizes, analyze the component symfols based upon instructions, and re-synthesize 
the component symbols !pr conynunication over the data path. 

20 3. The executioVunit defined in claim 2, wherein the multi-precision 

execution unit is operable/to perform uniqup operations on each component 
symbol. 



4. The execution unit defined in claim 2, wherein the mathematical 
25 element is operablef to perform finite group, finite field, finite ring and table look- 
up operations on/the symbols. 
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5. /The execution unit defined in claim 1, wherein the arithmetic unit is 
programmable to perform Boolean, integer and floating point mathematical 
operations/ 
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6. The execution unit defined in claim 5, wherein/the operations 
performed by the arithmetic unit are capable of being perfp^med at various levels 
of precision. 



7. The execution unit defined in claim y, wherein the manipulation of 
data comprises copying, shifting and re-sizing dat 



8. The execution unit defined in claim 1, further comprising control to 
maximize use of the executip^ unit performing operations at peak data width of 

10 the data path. 

9. The execution unit dejfinety in claim 2, wherein the size of 
component symbols matclj 



15 10. An execution\pitft having\A"dka path, comprising: 

at least one renter file coqw^ote^he data path; 
a multi-precision Arithmetic bnit coupled to the data path, the multi- 
precision arithmetic unit>capable ofvdynamic\partitioning based on the elemental 
width of data received /rom the data path; 
20 a switcn coupled to the data path and programmable to manipulate 

data received from /he data path, the switch providing data streams to the data 
path; and 

extended mathematical element coupled to the data path and 
programmable^) implement additional mathematical operations at substantially 
25 peak data throughput. 
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1/. An execution unit having a data path, comprising: 

a multi-precision arithmetic unit coupled to the data path, the multi- 
precision arithmetic unit capable of dynamic partitioning based on the elemental 
wwith of data received from the data path; 
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means coupled to the data path for manipulating data/feceived from 
the data path, the means for manipulating data being programmable and providing 
a data signal to the data path; and 

an extended mathematical element coupled to the data path and 
programmable to implement additional mathematical operations at substantially 
peak data throughput. 
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12. A general purpose programmable media processor having an 
instruction path and a data path to digitally proces/ a plurality of media data 
streams, comprising: 

a high bandwidth external interface operable to receive a plurality of 
data of various sizes from an ^cfernaTsourQ? and communicate the received data 
over the data path at a rate thlt maintain^ubstantially peak operation of the media 



processor; 



at least one regil 



iter file cor 



the data path and to communicate the^ stor 



v 



^ble to receive and store data from 
the data path; and 



a multi-precision execution unit coupled to the data path, the multi- 
precision execution unit configurable to partition data received from the data path 
to account for the elemental symDol stfe of the plurality of media data streams, 
and programmable to operate 911 the data to generate a unified symbol output to 
the data path. 
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13. The media processor defined in claim 12, wherein the execution unit 
is dynamically configurable to partition data received from the data path. 

14. The media processor defined in claim 12, further comprising: 
means for moving data between registers and memory by 

performing load and /store operations, and for coordinating the sharing of data 
among a plurality or tasks by performing synchronization operations based upon 
instructions and data received by the execution unit; 
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means for securely controlling the sequence of execution by 
performing branch and gateway operations based upon insertions and data 
received by the execution unit; and 

a memory management unit, the memoiV management unit operable 
to retrieve data and instructions for timely and secury communication over the data 
path and instruction path. 



15. The media processor defined in cl&im 14, further comprising: 
a combined instruction cache anp buffer, the combined instruction 

10 cache and buffer dynamically allocated between cache space and buffer space to 
ensure real-time execution of multiple media instruction streams; and 

a combined data cache and buffer, the combined data cache and 
buffer dynamically allocated between cacpe ^pace and buffer space to ensure real- 
time response for multiple njedia data s% 

15 

16. The media pibcessor defined in|6jaim 15, wherein real-time 
execution is ensured by dynkmicaW allocatin g insmtctieiHJuffer space to the 
smallest and most frequently Wecuied blocks of media instructions. 

20 17. The media procejsot^definedj^ claim 15, wherein real-time 

response is ensured by dynamically allocating data buffer space to the smallest and 
most frequently accessed working sets of media data. 
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18. The media processor defined in claim 12, wherein media data 
streams comprise Nyquist/ sampled inputs and outputs. 



19. The media processor defined in claim 12, wherein media data 
streams originate from standard computer memory and I/O interfaces. 



30 20. The mjbdia processor defined in claim 12, wherein the multi- 

precision execution unit is configurable to divide the data into component symbols 
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of various sizes, analyze the component symbols based upon iifstnictions, and re- 
synthesize the component symbols for communication over/the data path. 

21. The media processor defined in claim42, wherein the plurality of 
media data streams comprise presentation media information, transmission media 
information, and storage media information. 

22. The media processor defined in claim 21, wherein presentation 
media information comprises audio, viddo, image, and graphical information 

23. The media processor defined in claim 21, wherein transmission 
media information comprises radio and network data transmissions;. 



24. The mecHa processor defined in claim 21, wherein storage media 



15 information cqmpri^es 

25. The medi^r pi 
data path is at l&ast 12# bits. 



icoded in moving and solid-state memory media. 
ssbFsdefined in claim/12, wherein the width of the 



20 26. The mecUa processor defined in claim 12, wherein the multi- 

precision execution unit comprises^ dynamically partitionable arithmetic unit, a 
register controllable cross-bar switch, and an extended mathematical element. 
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27. / The media processor defined in claim 24, wherein the register 
controllable cross-bar switch comprises a Benes network design. 
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'28. The media processor defined in claim 26, wherein the register 
contfollable cross-bar switch is programmable and is operable to manipulate 
symbols. 
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29. The media processor defined in claim 22, wherein the extended 
mathematical element is operable to perform finite group, finite fi^ld, finite ring 
and table look-up operations on the symbols. 

30. The media processor defined in claim 12, Jifrther comprising a set 
of predefined instructions accessible by a user. 
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31. The media processor defined in claihi 13, wherein the means for 
performing load, store, and synchronization operations and the means for 
performing branch and gateway operations comprises a set of predefined 
instructions accessible by a user. 



32. The media proo 
instructions are combinp^e tc\im 
media data streams. 

33. A high bandwidtj 
a media stream, comprising 

a data path, data 
sustained peak rates; 




aed in claim 31, wherein the predefined 
[(ent composite functions on the plurality of 



controllers coupled ta the data pat/ 



receiving and transmitting 
path operable to transmit media information at 



a plurality of memo ry controllers, the plurality of memory 



ti in series to communicate stored media 



information to and>wm m^daja path; and 

a plurality of memory elements coupled to each of the plurality of 
memory controllers in parallel, the plurality of memory elements for storing and 
retrieving ther media information. 
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3#. The high bandwidth processor interface defined in claim 33, 
whereirf the data path comprises a plurality of data paths forming a high bandwidth 
data channel. 
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35. The high bandwidth processor interface defined in ^laim 34, 
wherein the high bandwidth data channel is uni-directional. 



36. The high bandwidth processor interface defined in claim 33, further 
5 comprising a general purpose programmable media processor coupled to the high 

bandwidth data channel to receive, process and transmit media information at 
substantially peak rates. 

37. The high bandwidth processor interface defined in claim 33, 
10 wherein the peak rate of operation comprises at least one gigabyte of information 

per second from point tojnrint 



38. The high bandwidth processor interface defined in claim 33, 
wherein the plurality pf memory cratrollers each comprise a paired link disposed 
15 between each memorAcontroUe^the^ired links/each for transmitting and 



receiving plural bits ofAdata 
differential clock signal/ 



havingaiffKential data inputs and outputs and a 



39. The high/bandwidth processor interface defined in claim 38, 
20 wherein the paired lin£ fiirtherfeomprises a digital skew calibrator to adjust the 

plural bits of data relative to the differential clock signal to eliminate skew 
between the data. 

40. /The high bandwidth processor interface defined in claim 38, 

25 wherein the/paired link further comprises a phase locked loop to eliminate jitter in 
the differential clock signal transmitted between paired links. 
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41. The high bandwidth processor interface defined in claim 38, 
wherein the plural bits comprise eight bits of data. 
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42. The high bandwidth processor interface defined in claim 38, 
wherein the paired links each further comprise termination resisU^rs to form 
matched impedances for each paired link. 

43. The high bandwidth processor interface/defined in claim 34, 
wherein the high bandwidth data channel comprises plural parallel high bandwidth 
data channels. 



44. A system for unified media/processing comprising: 

a plurality of general purpose media processors, each media 
processor operable at sustained peakydata rates and having a dynamically 
partitioned execution urit and amgmbandwidth iiitefface, the high bandwidth 
interface coupled to ext >rnal meprc^\mdJppdi/o elements to receive and 
transmit data to the meafa processor at substantially peak rates; 

a bi-directlpi\& communication fabric, the plurality of media 
processors coupled to theyfoi-directipnal communication fabric to transmit and 
receive at least one metfia stream comprising presentation, transmission, and 
storage media inform/tion. 



45. Ther system defined in claim 44, wherein the bi-directional 
communication fabric comprises a fiber optic network. 

46. / The system defined in claim 44, wherein the bi-directional 
communication fabric comprises an heterogeneous network. 

The system defined in claim 44, wherein the bi-directional 
communication fabric comprises a coaxial cable network. 



48. The system defined in claim 44, wherein the bi-directional 
communication fabric comprises a wireless network. 
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49. The system defined in claim 44, wherein a subset of the plurality of 
media processors comprise network servers. 



50. The system defined in claim 44, wherein the plurality of media 
processors are programmable by downloading program inforptiation over the bi- 
directional communication fabric. 
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51. The system defined in claim 44, whjsrein the each of the plurality of 
media processors can access an idle execution unit of another media processor in a 
shared manner to efficiently process presentation, transmission and storage media 
information at substantially peak data rate£ 



15 



52. The Astern defii 
further comprises dedicated m^ 
media processors can employ 
another media processor in a/Sha 



^claim 44, wherein each media processor 
and wherein the each of the plurality of 
^used poraon of the dedicated memory of 
iSnner to efficiently store and retrieve 



presentation, transmission ^nd storage media information at substantially peak data 
rates. 



20 53. A parallel mblti-proceskor system that maintains substantially peak 

data throughput in/the unified exgcutjon of multiple media streams, the system 
having a data patn, comprising: 

it least one high bandwidth external interface, the at least one high 
bandwidth external interface coupled to the data path and operable to receive a 
25 plurality oydata of various sizes from an external source and communicate the 
received oata at a rate that maintains substantially peak operation of the parallel 
multi-p/ocessor system; 

a plurality of register files, each register file having at least one 
general purpose register coupled to the data path and operable to store a working 
30 sex of media data; and 
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at least one multi-precision execution unit coupled to the data path, 
the at least one multi-precision execution unit dynamicaUyconfigurable to partition 
data within a working set of media data received from the data path to account for 
the elemental symbol size of the plurality of media streams, and programmable to 
operate in parallel on working sets of data stored hi the plurality of register files to 
generate a unified symbol output for each register file. 
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54. The parallel multi-processor system defined in claim 53, wherein 
the at least one execution unit alternates ii/a round robin manner to operate on 
data stored in the plurality™ renter files. 



55. The parallel multi-profce&br system defined injjaim 53, further 
comprising an instruction pre-fetch pipeline. 

15 56. The parallel mujti-processoii system defined in claim 55, wherein 

the instruction pre-fetch pipeline comprises\a super-string pipeline. 



20 



57. The parallel multi-processor s; 
the instruction pre-fetcl/pipeUne comprises a 




rstem defined in claim 55, wherein 
super-spring pipeline. 



58. The Parallel multi-profcessoi^system defined in claim 53, further 
comprising a datavpre-fetch pipeline. 
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59. Tfhe parallel multi-processor system defined in claim 58, wherein 
the data pre-fetch pipeline comprises a super-string pipeline. 



60. The parallel multi-processor system defined in claim 58, wherein 
the datef pre-fetch pipeline comprises a super-spring pipeline. 



30 / 61. The parallel multi-processor system defined in claim 53, further 

imprising a requester, responder and transponder daemon. 
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62. A n\ethod for processing unified streams of media data, comprising 
the steps of: 

receiVing a stream of unified media data including presentation, 
transmission and storage information; 

dynamically partitioning the unified stream of media data into 
component fields of a\ least one bit based on the elemental symbol size of data 
received; and 

processii^g the unified stream of media data at substantially peak 

operation. 



63. The method defined in claim 62, wherein the step of processing the 
unified stream of media dita comprises the steps of: 

storing the stream of unified media data in a general register file; 
performing multi-precision arithmetic operations on the stored 
15 stream of unified media data based on programmed instructions, the multi- 
precision arithmetic operations including Boolean, integer and floating point 
mathematical operations; 

manipulating thd component fields of unified media data based on 
programmed instructions that implement copying, shifting and re-sizing operations; 
20 and 

performing multi-ftrecision mathematical operations on the stored 
stream of unified media data basdd on programmed instructions, the mathematical 
operations including finite group, finite field, finite ring and table look-up 
- operati o n s* 

25 - / 

^j64^ The method defined in claim^65, further comprising the steps of: 
pre-fetching instructions and data to fill instruction and data 

pipelines; 

performing memory management operations to retrieve instructions 
30 and data from external memory; 
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storing instructions and data in instruction and data cache/buffers; 

and 

dynamically allocating buffer storage in the instruction and data 
cache/buffers to ensure real-time execution. 

65. The method defined in claim 63, further comprising the step of 
providing a set of instructions to process the stream of unified media data, the set 
of instructions including loack store, synchronization, branch and gateway 

Jfo. The method defined in claim further comprising the step of 
programming a sequence of at least one instruction from the set of instructions. 



67. A method for achieving high bandwidth communications between a 
15 general purpose media processor and external devices, comprising the steps of: 
providing\a high bandwidth interface disposed between the media 
processor and the external devices, the high bandwidth interface comprising at 
least one uni-directional channel pair having an input port and an output port; and 
transmitting aWi receiving a plurality of media data streams, 
20 comprising component fields of various sizes between the media processor and the 
external devices at a rate that sustains substasrftfally p^ak data throughput at the 
media processor. 




68. The method defined m claim oTrwhefein the step of providing a 
25 high bandwidth interface further comprises providing a plurality of external 

devices, the plurality of external devices coupled in series on the at least one uni- 
directional channel pair. 

69. The method defined in claiiA67, wherein the step of providing a 
30 high bandwidth interface further comprises providing a plurality of parallel uni- 
directional channel pairs. 
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70. A method ipr processing streams of media data, comprising the 
steps of: 

providing a bidirectional communications fabric for transmitting 
and receiving at least one strelam of unifje$Lniedia data, the at least one stream of 
unified media data comprising fjresenfatic n, transmission and storage information; 
and 



enfatic n, transm 
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providing at least one progi$nim*u)le media processor within the 
communications network, the at leafet one programmable media processor for 
receiving, processing and transmitting the at least one stream of unified media data 
over the bi-directional communications fabric. 
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